Three species of otariids are found in the coastal zone and marine area of Ecuador and the Galápagos Islands. Two species, Galápagos sea lion (Zalophus wollebaeki ) and Galápagos fur seal (Arctocephalus galapagoensis), are endemic to the Galápagos. The South American sea lion (Otaria flavescens) has been recorded several times on the Ecuadorian coast, and even small semi-permanent or resident male groups (~10-30 animals)
Introduction
Otariid pinnipeds are a significant group of marine mammals among the neotropical mammals in Ecuador. At least three species of otariids inhabit marine areas of both Ecuador and the Galápagos Islands, two of which are endemic to the Galápagos Islands: the Galápagos fur seal (Arctocephalus galapagoensis) and the Galápagos sea lion (Zalophus wollebaeki). The third species is the South American sea lion (Otaria flavescens), which has been identified several times along the Ecuadorian coast and recently recorded as a temporal or semi-permanent resident. Natural history and ecological studies of the two Galápagos pinnipeds was conducted and documented over 20 years ago by Trillmich (1979 Trillmich ( , 1984 ; however, there are several gaps in the population dynamics, current trends, and health status that still need to be elucidated. In this manuscript, we review the conservation, population status, and records of three otariid species in Ecuador and the Galápagos Islands. In particular, we detail the impact of natural events and anthropogenic activities on Galápagos sea lions.
Otariids in the Galápagos Islands

Population
The two endemic species of otariids (Z. wollebaeki and A. galapagoensis) residing in the Galápagos Islands have different habitat preferences, as well as reproductive and feeding strategies. Due to the unique characteristics of their tropical habitat, both pinniped species in Galápagos have developed important features of endemism, including body size reduction, physiological adaptations for thermoregulation, and specific behavioral characteristics (Trillmich 1984 , Limberger et al. 1986 ). These sympatric species have been successful in surviving due to the upwelling of cold, nutrient-rich water, which supports rich food resources. While the Galápagos sea lion has diurnal feeding habits, the Galápagos fur seal has nocturnal feeding habits. Locations of major reproductive colonies for both species are shown in Fig. 1 . Galápagos fur seals are found in the northeastern islands of Isabela, Fernandina, Santiago, Pinzón, Pinta, Marchena, and Wolf, in northeast Genovesa, and a small population exists in the central region (Trillmich 1984) . Galápagos sea lions live on most of the islands, inhabiting both north and south parts of the Galápagos, but the largest colonies are located in the southern and central regions of the archipelago.
Both species are categorized as vulnerable species in the International Union for the Conservation of Nature (IUCN) Red Book of Mammals of Ecuador (Utreras et al. 2001a,b) , as well as vulnerable at the global level in the IUCN, Red List of Threatened Species (Seal Specialist Group 1996a,b) . Additionally, the Galápagos fur seal is listed in Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) . Recent studies have demonstrated the important role of the Galápagos sea lion in the transportation of marine nutrients to the terrestrial ecosystem (Fariña et al. 2003) and as a predator in the marine environment (Okey et al. 2004 ). An extensive review of these studies and other conservation aspects of the two species was recently written by Salazar (2002a) .
The first census of Galápagos otariids was conducted in 1977-1978, when populations of Galápagos sea lions and fur seals were found to total 40,000 and 30,000-40,000 individuals, respectively (Trillmich 1979; F. Trillmich and K. Trillmich, Dept. of Animal Behavior, Univ. of Bielefeld, unpubl. data) . About two decades later, the Charles Darwin Research Sta- 1. Direct counting method Direct counting was used when landing ashore was possible and had no major safety risk. It is the most frequently used method to count pinnipeds in the Galápagos Islands. Counting started at a fixed reference point on the beach, preferably at one end of the colony. A way-point (WP) 1 was taken at the starting point and tracking was engaged using a hand-held global positioning system (GPS); geographical reference points were taken by the GPS every 10 seconds as the observers surveyed the colony. One observer searched along the coastline of the colony, including the intertidal and subtidal zones, and animals in the water were counted at least twice. In the case of fur seals, the search included grottos and accessible lava caves, and for Galápagos sea lions the nearby shrub was searched. Fixed reference points were taken at intervals to avoid double counting. One observer also looked for any signs of diseased or entangled individuals and a WP was recorded for each sighting, along with other information (e.g., age/sex category, type of affliction, and/or waste material involved). Another observer performed a complementary ordered search in the accessible coastal zone (shrub and lagoons). At the same time they collected scat samples (during the breeding season) and helped check for signs of disease or entanglement with fishing gear. If any animals entangled in fishing gear were found during monitoring, both observers, protecting themselves with leather gloves, helped the animals if the injury, weather, and accessibility conditions allowed the rescue operation. To rescue pinnipeds, observers carried a large hook net, towel, and knife.
1
Way point (WP) is a geographical reference point made using a Global Positioning System (GPS), where the GPS records latitude, longitude, WP number, hour (GMT) and date.
Distance counting method
In places where it was not possible to access the beach, counting was done from a boat at a distance of 2-50 meters from the coastline. In shallow areas and moderate seas, a dinghy was used at a distance of 2-8 meters from the coastline. Three people participated in distance counts: observer 1 with binoculars and counter; observer 2 with GPS and field notebook; and a dinghy driver or boat captain. A starting point was fixed on the landscape, and the entire coastline was inspected with binoculars by the first observer while the second observer recorded the number of animals in the water. Each sighting of groups or animals was registered using a WP, and the WP number, species, age/sex category, and numbers of animals were recorded in a notebook. Weather conditions such as cloudiness and sea level data were also recorded. In some cases, when it was impossible to identify a species, an unidentified species category was used. If an entangled animal was registered during the monitoring, observers proceeded according to the procedures outlined above in the direct method.
Counts made from a distance were corrected to be comparable to direct counts according to the methods of Le Boeuf et al. (1983) and Nichols and Corroy (1996) . The probability of an individual animal being counted (β) in a direct count was 1. For distance counts, β values varied depending on the size and species of pinniped being counted. For distance counts of Galápagos sea lions, β = 0.75 for adult females, adult males, and those of indeterminate sex and age, and β = 0.40 for pups. For distance counts of Galápagos fur seals, β = 0.50 for adult females, adult males and those of indeterminate sex, and β = 0.25 for pups (Trillmich and Mohren 1981; Nichols and Corroy 1996; F. Trillmich and K. Trillmich, Dept. of Animal Behavior, Univ. of Bielefeld, unpubl.) . Distance counts of sea lions and fur seals were divided by the appropriate β values to obtain estimates of the total number present at each site.
The mean number of individuals in colonies of both otariid species counted during the 2001 pinniped censuses are presented in Tables 1 and  2 . For Galápagos sea lions 99% of the population is congregated in the islands listed in Table 1 , whereas 94% of the Galápagos fur seal population was located on the islands listed in Table 2 . Floreana, Santa Cruz, San Cristóbal, and Isabela islands encompassed most of the Galápagos sea lion population, with 16%, 14%, 13%, and 11%, respectively. The islands Rábida, Genovesa, and Marchena each accounted for 1% of the population. Likewise, the highest proportions of Galápagos fur seals were concentrated on Isabela and Fernandina islands, with 42% and 39%. This is complemented by looking at the average number of animals counted at the twelve regularly monitored haul-outs and rookeries of the Galápagos Table 3 . In 2001, the average colony size (number of individuals counted ±1 SD; 79.2±107.5) was lower than in both 1977 (345.5±357.4) and 1978 (395.6±469.9). High variability is also reflected in the large differences between sites in number of individuals counted (Table 3) .
The results of the 2001 census yielded a total estimated population of 14,000-16,000 Galápagos sea lions (based on an actual count of 7,942 individuals), and 6,000-8,000 Galápagos fur seals (based on a count of 2,733 individuals ; Salazar 2002c,d) . This suggests that Galápagos pinniped populations declined significantly since the 1977-1978 surveys, potentially as large as 60% for Galápagos sea lions and 80-85% for Galá-pagos fur seals. These declines may, in part, be due to two catastrophic El Niño events that occurred at the early 1980s and late 1990s; this is discussed in more detail later in this paper. The survey methodologies used in the two censuses are significantly different, and there are potential biases and uncertainties in the population estimates. Therefore, percentage changes in the population and statistical comparisons of population sizes over time should be interpreted cautiously (Salazar 2002a , Bustamante et al. 2002 . Unpublished population data from an expedition conducted by Le Boeuf et al. (1988) in 1988 is also being analyzed and compared with the 1977-1978 and 2001 data to further describe these declines (F. Trillmich, Dept. of Animal Behavior, Univ. of Bielefeld, pers. comm.). However, data from the two completed surveys indicate that both Galápagos pinniped populations may have declined by more than 50% in 23 years, suggesting the need for field research to confirm the current population status and trends, accompanied by precautionary conservation strategies (Salazar 2002a , Bustamante et al. 2002 . 
Conservation and management plan
One of the primary research activities of the Charles Darwin Research Station and the Galápagos National Park Service is population monitoring of endemic marine mammals. Thus, these two institutions have implemented an ecological monitoring and conservation program for Galápagos sea lions and fur seals. The overall goal is to determine the current state and abundance of the sea lions and fur seals in the Galápagos in order to set the baseline for monitoring and evaluating the impact of fisheries bycatch mortality, natural oceanographic and atmospheric changes (e.g., El Niño), and interactions with human activities. The objectives include (a) to determine the current size, structure, and distribution of the sea lion and fur seal populations in the Galápagos; (b) to conduct health status surveys of the two pinniped populations in the Galápagos; (c) to describe inter-and intraspecific genetic relationships; (d) to develop and train personnel in simple pinniped capture and rescue techniques (Salazar 2002b (Salazar , 2003b ; (e) to conduct ethological studies of pinniped social organization (F. Trillmich and J. Wolf, Dept. of Animal Behavior, Univ. of Bielefeld, pers. comm.); and (f) to provide information on the location of entangled or hooked sea lions and fur seals, including information on interactions with alien species. Another monitoring program activity currently under way is the establishment of a project of Sighting Logs through a bi-institutional effort (Charles Darwin Foundation and the Galápagos National Park Service) to improve the compilation of information from observers and users of the Galápagos Marine Reserve. The recorded sightings include marine mammal sightings (pinnipeds, whales, dolphins, and porpoises), entangled animals, fishery activities, and general observations of scubadive guides (e.g., sharks, rays, sea turtles). Through the long-term research and monitoring program, researchers investigate the population, health status, and effects of human activities on the Galápagos sea lion and fur seal, with the goal of conserving biological diversity in the Galápagos through the protection and management of these vulnerable species and their habitats. The results will inform environmental management planners of the Galápagos National Park Service and the management authorities of the Galápagos National Park and Marine Reserve, and raise greater awareness among local students, teachers, residents, fishermen, and naturalist guides about conservation needs.
In 2001 
Natural events
El Niño events
Classic studies and documentation of the negative effects of El Niños on pinniped populations, particularly sea lions from the Galápagos Islands, were conducted by Trillmich and Limberger (1985) and Trillmich and Dellinger (1991) . The two strongest El Niño events that negatively affected pinniped populations in the Galápagos Islands during the last 30 years occurred during 1982 -1983 and 1997 -1998 . The 1982 -1983 El Niño caused a drastic reduction in the number of Galápagos fur seals and sea lions. For fur seals, there was almost total depletion of the four youngest year classes (1980) (1981) (1982) (1983) . The mortality rate of pups born in 1982 was 100% by five months of age, while there was an 89% (21 individuals) decrease in the number of pups born in 1983 when compared to average number of pups (N = 195) existing during the years (1979) (1980) (1981) previous to the 1982-1983 El Niño event. For adult females and non-territorial males, mortality rates were about 30%, but were nearly 100% for large territorial males (Trillmich and Limberger 1985 , Trillmich and Dellinger 1991 , Gerber and Hilborn 2001 . Foraging trips for females were three times longer and the trip duration variance increased tremendously due to the deterioration of food resources and prey composition changes. As a result, mortality of pups and dependent juveniles was high because of starvation (abandonment of pups by females) as well as the minimal transfer of low quality milk from females Limberger 1985, Trillmich and Dellinger 1991) . After the 1982-1983 El Niño, Galápagos fur seals recovered slowly, and redistributed to habitats and islands with better environmental conditions. Galápagos sea lions also experienced high mortality in 1982, with 100% mortality of pups that year and more than a 50% decline in the number of juveniles. Likewise, in 1983, pup production was 30% less than in previous years on most islands, with high variability from colony to colony (from 3% on Santiago Island to 65% on Santa Fe Island), while adult mortality was greater than juvenile and pup mortality in 1982. After the El Niño period, sea lion pup production returned to normal in 1984, but it was lower in 1985. The adult population decreased during the El Niño, and it was suggested that the mortality of adult animals, mainly territorial males, was relatively high Limberger 1985, Trillmich and Dellinger 1991) . As for Galápagos fur seals, this event promoted local redistribution of sea lions and the population slowly recovered Dellinger 1991, Gerber and Hilborn 2001) . During the 1997-1998 El Niño, a 50% decline was reported on the Galápagos sea lion population (twelve colonies monitored), of which 35% was due to natural mortality and 15% was linked to migration and movement to other areas (Salazar and Bustamante 2003) . The age classes most affected were pups and adult territorial males, with the 1997-1998 pup year-class having a survival rate of only about 10%. In subsequent years (1998-1999, 1999-2000, and 2000-2001) , pup production was lower, with a maximum of 50% of the pup population recorded before the 1997-1998 El Niño event (Salazar and Bustamante 2003) .
Abundance and composition of prey changes during El Niño events, evidenced by changes in the diet of Galápagos pinnipeds, are shown in Fig. 3 . Before the 1997-1998 El Niño and during normal conditions, sardines and pilchards (Clupeidae: Sardinops sagax sagax, Opisthonema berlangai, Opisthonema libertate); lanternfishes (Myctophidae: Diogenicthys laternatus, Loweina laurae, Triphoturus oculeus); creole fish and groupers -"bacalaos" (Serranidae: Paranthias colonus, Paralabrax albomaculatus, Mycteroperca olfax); Chlorophthalmidae fishes (related to the presence of cold waters); and mullets (Mugilidae: Mugil cephalus and M. galapagensis) had frequencies of occurrence of 32.5%, 21%, 12%, 9%, and 3% in sea lion feces, respectively (Fig. 3) . On the other hand, during both the 1997-1998 El Niño and 1998, there was a shift in diet composition to Myctophidae (33%) and Serranidae (32%); and away from Clupeidae (12%), mullets (5%), and Chlorophthalmidae (2%) (Salazar and Bustamante 2003) . Thus the frequency of occurrence of its main prey, sardines, before the 1997-1998 El Niño, was much reduced during the event, and switched to species that might be reflecting probably a lower nutritional and energetic value (Salazar and Bustamante 2003) . Studies performed during the 1982-1983 El Niño highlighted that the Galápagos fur seal was seriously affected by the lack of food resources as evidenced by starved, emaciated, and dead animals (Trillmich and Limberger 1985) . When the El Niño event is absent, the Galápagos fur seal diet is primarily composed of lanternfish and members of the Bathylagidae, with frequencies of occurrence in the range of 42-81% and 5-57% respectively. Secondary prey items include Clupeidae or sardines, Carangidae, and Chlorophthalmidae fishes Dellinger 1991, Dellinger and Trillmich 1999) . After the1982-1983 El Niño when lanternfish were still scarce, sardines were an unusual prey for the fur seal, with frequencies of occurrence ranging only from 0.2 to 6%, (Trillmich and Dellinger 1991) . Apparently, during the 1997-1998 El Niño, Galápagos fur seals were less affected than Galápagos sea lions since pups observed in monitored colonies appeared to be healthier (S. Salazar, pers. obs.) Hence, El Niño events are associated with acute or severe nutritional stress from bottom-up forces. Galápagos otariids have had to adapt to the periodic stresses in order to survive on these islands. In general, otariid species, with marked polygyny and metapopulation dynamics, are vulnerable to such catastrophic events, which can cause depletion and severe oscillations in population size, in some cases close to extinction, but with a slow recovering across long periods of time (Gerber and Hilborn 2001) . In addition to the effects of El Niños, density-dependent factors controlling population growth may play a major role in the population size of otariids. At this level, intraspecific competition, mainly during a scarcity of prey, may cause loss of energy (exploitative competition) for conversion into pups and loss of time (interference competition) invested in foraging (Schoener 1973) . Increased energy expenditures during El Niños were reflected in longer and less frequent foraging trips by females, compounded by the added energetic costs of pregnancy and lactation Limberger 1985, Trillmich and Dellinger 1991) .
Diseases
Among potential diseases, the canine distemper virus (CDV) poses the greatest threat to the otariid populations inhabiting the Galápagos Islands. CDV outbreaks have been detected among domestic dog (Canis familiaris) populations living in urbanized areas (e.g., Puerto Ayora, Santa Cruz Island) close to major sea lions colonies. During the CDV outbreak of early 2001, 569 cases were recorded in dogs, of which 275 died from the disease and 294 were euthanized . The Center for Rehabilitation of Seals of Holland conducted an immunological study on sea lions from different colonies and islands in May 2001, but no antibodies against the canine distemper virus were reported. They recommended that all dogs on the islands be vaccinated with the trivalent vaccine, which protects against the CDV, hepatitis B, and parvovirus, to mitigate the risk of transmission to sea lion populations . Outbreaks of CDV, phocine distemper virus (PDV), and other viral infections (morbillivirus) in Europe have caused mortalities of harbor (Phoca vitulina), gray (Halichoerus grypus), and Baikal seals (Phoca siberica) (Osterhaus et al. 1988; Dietz et al. 1989; Osterhaus et al. 1989 Osterhaus et al. , 1990 Visser et al. 1991) . Environmental contamination has been potentially linked as a cause of immunosuppression of seals, enhancing the susceptibility of these pinnipeds to viral diseases (Ross et al. 1995) .
Surveys Between 60 and 100% of the sea lion pups surveyed had an eye infection or conjunctivitis associated with a bacillococcus bacteria and potentially a new species of ocular parasite (Philophthalmus zalophi) (Dailey et al. 2005) . While there was no immunological response to brucellosis, Galápagos sea lions were susceptible to nine strains of the bacterium Leptospira, and Galápagos fur seals were susceptible to two strains. Ectoparasites such as lice (Antarctophthirius microchir) and nasal mites (Orthohalarachne diminuata) were also identified in various individuals (Salazar 2002b (Salazar , 2003b .
Anthropogenic impacts
Oil spills and pollution
The threat of oil spills and pollution poses a significant threat to the marine ecosystem of the Galápagos Islands. One recent oil spill, from the tanker Jessica, occurred in January 2001 at the entrance to Bahía Naufragio, San Cristóbal Island. The oil tanker released 60% of its total cargo (300 and 600 t of bunker fuel and diesel, respectively) during an emergency-response operation. Galápagos sea lions were one of the priority species in the monitoring and contingency plan for impacted fauna of the Charles Darwin Research Station and Galápagos National Park, since some colonies were relatively close to the oil spill (Salazar 2003a) . A survey to count oiled animals was conducted along the beaches of different islands (Fig. 1) affected during the first two weeks (17-31 January 2001) following the spill. About 79 oiled Galápagos sea lions were recorded around San Cristóbal (n = 24), Santa Fe (n = 43), Isabela (n = 3), and Floreana islands (n = 9).The degree of oiling was estimated on 73 rescued animals, of which 27 were severely affected (>50% of body), 12 were moderately affected (<10%), and 34 lightly oiled. Approximately half of these animals required washing and other treatments, with one fatality and a high incidence of conjunctivitis and burns (Salazar 2003a) . In the year following the oil spill, no significant decreases in the Galápagos sea lion population were observed in any colony.
In early July 2002, a second oil spill took place in the Galápagos Islands. On this occasion, a tanker (BAE/Taurus) transporting fuel sank and spilled 2,000 gallons of diesel fuel off the coast of Puerto Villamil, Isabela Island. Fortunately, no sign of fuel was found on the beaches and marine animals, including sea lions, inhabiting the area, due primarily to the effort of the Galápagos National Park Service and Charles Darwin Foundation, who set up barriers of absorbent material
In addition to oil spills, minor oil leaks, and fuel releases from small tankers, fishing boats, and tourist vessels, mainly in the major urbanized areas (Santa Cruz and San Cristóbal), represent pollution sources and pathways of chronic exposure not only for sea lions but also for all the marine fauna of the islands. At present, it is unclear what the impacts of the oil spills and other minor spills are on otariids. Similarly unknown are the effects of persistent organochlorine pollutants (POPs) such as polychlorinated biphenyls (PCBs), polychlorinated dibenzo-para-dioxins (PCDDs), dichlorodiphenyltrichloroethanes (DDTs), and polybrominated diphenyl ethers (PBDEs), as well as polycyclic aromatic hydrocarbons (PAHs), antifouling paints used on boats, and other organochlorine pesticides, herbicides, fungicides, and fertilizers on the health of Galápagos sea lions and fur seals. Under experimental conditions, Ross et al. (1995 Ross et al. ( , 1996 reported impairments to the immunological systems of captive harbor seals exposed to contaminated food obtained from areas polluted by POPs, but it is not known if this has affected pinnipeds in the Galápagos.
Direct anthropogenic interactions
Anthropogenic injuries to sea lions are caused by entanglement with nets, nylon, ropes, fishhooks in the snout, and cuts from outboard motor propellers (Charles Darwin Foundation for the Galápagos Islands 2000, Salazar 2002a). While there is evidence of delphinid mortality due to incidental take in longline, gillnet, and tuna purse-seine fisheries (Perrin et al. 1994, Palacios and , little is known about fishery interactions involving Galápagos pinnipeds. Between 1995 and 2003, a total of 251 Galápagos sea lions were found entangled in fishing gear or other human artifacts. Most entanglements involved refuse from fisheries (134 of 251, or 54%), while the remainder (117 of 251, or 47%) may have been related to tourism (Fig. 4; Salazar 2002a) . The most affected age classes are the juveniles (60%), followed by adults (35%); the categories less affected are the pups (5%). It is evident that hooks, nylon, plastic, and ropes are the artifacts of most concern that need to be addressed. Increases in illegal fishing, as well as current fishing methods (e.g., longlines), may represent potential threats to pinniped populations in the Galápagos Islands (Charles Darwin Foundation for the Galápagos Islands 2001), but currently no studies are under way to address them.
Sealing and hunting
Historically, Galápagos fur seals were hunted by commercial whalers in the early 1800s, and later by commercial sealers. It is estimated that during the period 1816 to 1933 about 22,000 animals were killed, nearly causing the extinction of fur seals on the islands by the early twentieth century (Jefferson et al. 1993 , Reeves et al. 2002 . In 1934, the Ecuadorian government prohibited commercial hunting of fur seals; this prohibition has been enforced since 1959, when most of the Galápagos Islands were declared a national park (Reeves et al. 2002) .
In July 2001, fifteen subadult and adult Galápagos sea lions, four females and eleven males ranging from 4 to 12 years old, were illegally killed on San Cristóbal Island, near La Lobería Edgar 2001) . This illegal hunt may be linked with the Asian black market for aphrodisiac products, since all male reproductive organs were removed by the hunters Edgar 2001) . A reward of $4,000 was offered by the Ecuadorian Environment Ministry for information leading to the arrest and conviction of the perpetrators (Salazar and Edgar 2001) . 
Pinniped species in the Ecuadorian coastal zone
Along the Ecuadorian continental coast, there are no haul-out sites or rookeries or reproductive colonies of pinnipeds, nor is it common to find sea lions as permanent residents. In the last two decades, however, there have been several observations of otariids in isolated non-reproductive colonies in Ecuador (Fig. 5) . Ortiz (1980) was the first to observe and document a Galápagos sea lion on the continental coast at Bahía de Caráquez (00º37S, 80º26W). Nowak (1986) indicated that a small breeding colony was present on La Plata Island (01º16S, 81º04W), located at the Machalilla National Park and 30 km off the coast of Ecuador (Fig. 5) . However, subsequent trips to the island found evidence of only a few individuals (~3 animals), and no suggestion of a reproductive colony (Curry 1993 , Carvajal 1996 . Moreover, it has yet to be confirmed if these 
Gulf of Guayaquil
The El Oro individuals were Galápagos or California sea lions. Palacios et al. (1997) noted the presence of Galápagos sea lions on the central coast of Ecuador (n = 3) and Colombia (n = 5), confirmed by individual sightings of young animals, and suggesting that these individual could have been moved from La Plata Island, but originated from the Galápagos Islands. Another species regularly observed is the South American sea lion (O. flavescens) with 13 sightings confirmed by identification of live animals, carcasses, or skulls between 1973 and 1994 (Félix et al. 1994) . Two individuals from these sightings were previously recorded in Pinta (00º35N, 90º50W) and Santa Cruz (00º40S, 90º20W) islands, Galápagos Islands (Wellington and de Vries 1976, Merlen 1993) . Moreover, several male skulls of this species were recorded at various locations in the Galápagos, but no live animals were seen (Merlen 1995) . All of these records are probably isolated sightings, but permanent or semi-permanent groups may inhabit a marine wildlife refuge on Santa Clara Island on the southwest Ecuadorian coastline, where approximately 10 animals were recorded (Calle and Suarez 2003) . Similarly, another 12-30 male South American sea lions were observed on Punta Brava, Salinas (2º12S, 81º00W) on the Ecuadorian coast ( Fig. 5; Félix 2002 ). These observations were highly correlated with El Niño events along the southeastern Pacific coast (e.g., Peru and Ecuador). It is likely that most of the individuals sighted in Ecuador were resident animals moving from the Peruvian coast where the El Niño event negatively affected productivity and prey availability for this species.
In addition, ten live Galápagos fur seals were sighted on the Ecuadorian coast between 1991 and 1997 (Félix et al. 2001) . The identity of these individuals was confirmed by morphological and mtDNA analyses (Félix et al. 2001) . Galápagos fur seals have also been recorded on the coast of Colombia (Capella et al. 2002) and Mexico (D. Aurioles-Gamboa, CICIMAR-INP, La Paz, Mexico, pers. comm.), and their presence on the continent may be simply vagrant behavior or related to oceanographic and climatic conditions. Merlen (1995) reported the presence of a different kind of fur seal, possibly a Juan Fernandez (A. philippii ) or Guadalupe fur seal (A. townsendi ), on the southwest side of San Cristóbal, Galápagos Islands. Unfortunately, this animal was not seen again. The South American fur seal (A. australis) was observed for the first time on the Ecuadorian coast by Félix (1996) , and again in 2003 by a naturalist guide on Punta Suárez, Española Island, Galápagos, where it spent about three weeks. A definitive confirmation that this was indeed A. australis has not occurred, and additional studies have not been carried out to support this range extension. Capella et al. (2002) documented the regular appearance of 34 individual otariid pinnipeds along the Pacific coast of Colombia, including the South American sea lion, the Galápagos sea lion, and the Galápagos fur seal, from 1970 to 2001. They also suggested that these sightings were linked with oceanographic conditions (e.g. El Niño), ocean dynamics, and vagrant behavior of juvenile individuals.
Along the Ecuadorian coast, there are no marine mammal rescue centers or specialized stranding response teams. However, marine mammal monitoring in this area, including the rescue of sea lions, has been undertaken by volunteers and members (most of them biology students from the University of Guayaquil) of the Ecuadorian Foundation for the Study of Marine Mammal (Fundacion Ecuatoriana para el Estudio de Mamiferos Marinos, or FEMM) since the late 1980s. This nongovernmental organization has carried out environmental education for coastal human communities and special marine mammal seminars/courses at universities to initiate and enhance the research, conservation, and protection of marine mammals in Ecuador. Recently, the first marine mammal museum and education center was established in Salinas, Santa Elena Peninsula, and it reflects the cumulative work and dedicated efforts of FEMM personnel (Ben Haase, FEMM, Guayaquil, Ecuador, 2004, pers. comm.) .
Conclusion
The Galápagos Islands and Ecuador provide opportunities to pursue studies on population dynamics and trends, probability of extinction, vagrant behavior, energetic and feeding ecology, impact of natural events (e.g., diseases), and effects of anthropogenic activities (e.g., fishery interaction) on pinniped species. To protect these unique and endemic species, conservation efforts and research must continue in order to insure their existence in these tropical areas.
The environmental management plan of the Galápagos Marine Reserve, led by the Galápagos National Park Service and the Charles Darwin Foundation, have incorporated sea lions as priority species to conserve and monitor, but local measures and strategies should be enhanced and expanded to mitigate human actions (illegal hunting) and fishery activities that could jeopardize these marine mammals. Decision-making from local authorities and the federal government (Ministry of Environment) should consider regulation of fisheries to avoid interactions in sensitive areas (e.g., no-take zones) where major populations of pinnipeds are present. In addition, domestic dogs on the Galápagos Islands should be vaccinated against viral pathogens to avoid horizontal transmission of diseases to pinnipeds. Incidental catch by fisheries, entanglement in marine debris, and the potential threat of organic contaminants on pinniped populations residing in the Galápagos Archipelago are also important conservation and research arenas.
In the long term, special attention should be directed toward understanding the effects of El Niño events, which have resulted in dramatic population declines of Galápagos otariid pinnipeds and may play an important role in promoting genetic variability through inter-island move-ments. The frequency and intensity of El Niños may be linked to global climate change. Cumulative and synergistic impacts of anthropogenic and natural factors should be addressed in the conservation and research monitoring plan for Galápagos otariids.
